summary 1. Urinary kallikrein excreted by normal rats is significantly increased (P <0.001) 2 h after: (a) water loading, (b) water loading plus frusemide, 0.27 mmol (10 mg) per rat, (c) salt loading. In water-loaded rats, 5 i.u. of renin strikingly reduced kallikrein excretion (P < 0.01) but considerably increased sodium excretion (P<O.OOl).
Introduction
Vasodilator, natriuretic and prostaglandin-releasing properties have all been attributed to the kinins. In addition, there is overwhelming evidence that the kallikrein-kinin system is impaired in experimental hypertension (Croxatto & San Martin, 1970;  Correspondence: Dr H. R. Croxatto, Laboratorio de Fisiologia. Instituto di Ciencias Biol6gicas, Universidad CatBica de Chile, Santiago, Chile. and human hypertension (Margolius, Geller, De Jong, Pisano & Sjoerdsma, 1972) . Since there is dispute about the physiological significance of renal kallikrein, we have investigated changes in renal and urinary kallikrein produced by alterations in renal function. We have studied the influence of: (1) hyperhydration, (2) salt loading, (3) frusemide and (4) renin administration upon renal and urinary kallikrein. In addition we have studied the effect of water loading upon rats with renal hypertension.
Methods
Adult female rats, weighing 200-220 g. were used; food, but not water, was withheld for 14 h before the study. All rats, excluding normally hydrated control rats, were submitted to double overloading via stomach tube, according the procedure described by Barnafi,.Rosas, de la Lastra & Croxatto (1960) . Except for the normally hydrated control rats each animal received a dilute sodium chloride solution (0.017 mol/l; 1 g/l) equal to 2.5% body weight. After 60 min a second hydration was performed either with tap water or 0.34 moll1 (20 g/l) NaCl solution according the experimental design. In either case the amount of the second load was 5 % of body weight. In separate groups injections of 10 mg of frusemide or 5 i.u. of purified renin per rat was given intraperitoneally immediately after the second load. Control rats received NaCl solution intraperitoneally. Urine volume was measured every 60 min for 2 h, and samples were taken for kallikrein, Na+ and K+ determinations.
Kallikrein activity in the kidney was measured by the method of Croxatto et al. (1974) . The final renal extract was tested (1) by its direct oxytocic effect upon isolated rat uterus, and (2) by its kininogenase activity, kinin release being measured,' after incubating the extract for 2 min at 36°C and pH 7.8 with purified rat plasma kininogen 11 (Jacobsen & Krisz, 1967) . The formed kinins were measured by using as bioassay the contractile effect on a small strip of cat jejunum (Croxatto & Noe, 1971) . Hypertension was induced in a group of eighteen rats by ligatures on both poles of one kidney followed by contralateral nephrectomy. Unilaterally nephrectomized rats were used as control animals. Water loading of these animals was performed 14 weeks after the operation. At this time three rats were normotensive, six had a blood pressure of 135-145 mmHg and nine had blood pressures over 150 mmHg.
Results
Urinary kallikrein excretion increased significantly in normal rats under the three conditions: waterloading, frusemide administration and sodium loading ( Table 1) . The maximum effect on urinary kallikrein was observed in the last condition, but the greatest excretion of sodium, potassium and water was observed in frusemide-injected rats ( Table 1) . The highest excretion of urinary kallikrein per rat was 703 f90 ng, which is eight to nine times that observed in normally hydrated rats. NaCl loading produced significantly greater excretion of kallikrein than tap water loading, although the water volume administered was the same. Renal kallikrein showed significant changes. Water loading produced a slight but significant increase (12-14%) (P < 0.05) of kininogenase activity in the extracts. But NaCl loading considerably reduced kallikrein activity of the kidney ( -50%) (P < 0.02). A similar but Iessmarked decrease was obtained with frusemide (-40%).
Renin produced an accelerated excretion of electrolytes. Sodium excretion was increased 22-fold compared with the control value, but urinary kallikrein decreased to very low values (one-tenth of the control values). In some rats kallikrein was not detected in the urine. However, no significant difference in renal kallikrein was observed between the two groups. The group of nine hypertensive rats, with mean blood pressure 188 k 25 mmHg did not show an increase in urinary kallikrein with water loading but responded with a significantly greater excretion of sodium (four times more than control TABLE 1. Excretion of kallikrein, sodium and potassium, and water in rats Results are shown as mean v a l u e s k s e~. Excretion of kallikrein is expressed as ng of bradykinin equivalents, sodium and potassium as pmol/h per rat and water as ml/h per rat. Urine was collected for 2 h. Apart from hypertensive rats and their control groups, all rats had two kidneys. Renal kallikrein in the kidneys at the end of the diuresis experiment is also shown: total renal kallikrein is expressed as pg of bradykinin equivalents when measured as kininogenase activity of the renal extract and as ng of bradykinin equivalents when measured by the oxytocic effect, the same bioassay being used as for measurement of urinary kallikrein activity. Significance of results: * P<O*OOl; ** P<O*O5; *** not significant; **** P<0.02.
Renal kallikrein

Experimental group
No.of Urinary Na+ 3.8 + 0*02** 3.5 f 0-3 2*2+ 0.2* 3.6k 0.7 1*68+0*2**** 3.37k0.5 3.16+ 0.1 3*** 216k 23 309+ 27*** 217+29 140f23** 379k 25 103 10* 239+ 5 229+ 13*** rats; P < 0.001). The moderately hypertensive rats excreted 4.5-fold more urinary kallikrein but less Na+ (one-half) than the former group. The three operated non-hypertensive rats showed no difference in urinary kallikrein and electrolytes compared with the control rats.
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Discussion
Procedures which stimulate renal excretion such as water and sodium loading and administration of frusemide in normotensive rats are followed by significant elevation of urinary kallikrein as well as enhancement of water and electrolytes excretion. The effect of renin on urinary kallikrein is a striking exception. Renin produced the well-known (Croxatto, Labarca & Cofre, 1963) natriuresis but it also inhibited kallikrein-like activity in the urine, which was sometimes undetectable. The inhibition of urinary kallikrein excretion by renin in a dose given intraperitoneally that does not modify blood pressure in anaesthetized rats demonstrates a high sensitivity of the renal kallikrein-kinin system to renin. The experimental data do not provide an explanation of the mechanism of this renin effect, although it can be said that renin did not change kallikrein activity in the kidneys of rats. Hypertensive rats showed very low or absent responses to water loading. The present data and those described in a previous paper indicate that in one-kidney renal hypertension, urinary kallikrein is significantly low and is only slightly increased by factors such as frusemide (Croxatto, Roblero, Garcia, Corthorn & San Martin, 1973) . It is likely that in normal rats the disappearance of activity from the kidneys within 2 h of frusemide and NaCl loading is partially due to the release of the enzyme into the urine, but it is possible that some kallikrein can enter the blood. In addition, it is necessary to emphasize that the total amount excreted is many times greater than the amount which disappears from the kidneys. This result is consistent with the concept that kallikrein is very rapidly synthesized by the kidneys and is in line with observations that an isolated, perfused rat kidney is able to release kallikrein into the perfusate and urine (Roblero, Croxatto, Garcia & Corthorn, 1974) .
